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Factor analysis of clinical data from asbestos workers:
implications for diagnosis and screening
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ABSTRACT Clinical data from 624 asbestos exposed workers were analysed by factor analysis.

Fifteen clinical variables were found to reflect several underlying factors: "obstruction," "interstitial

disorder," "x ray change," "air trapping," and "age/exposure." Scoring individual subjects along

these axes can facilitate identifying early cases and avoiding false diagnosis. The analysis suggests

that screening should be multimodal and that radiographic abnormality need not imply
physiological impairment.

Accurate diagnosis of asbestos related disease
depends on the integration of much clinical data.
Whereas the legal system may occasionally recognise
a single test-radiography for example-as specific
and sensitive, knowledgeable clinicians recognise the
importance of obtaining several different types of
data in each subject. The pulmonary system is com-
plex, having multiple components (large and small
airways, interstitial tissue, vasculature, pleural tissue,
and respiratory muscle), and clinical information and
laboratory tests relate to specific pathological and
underlying physiological abnormalities only indi-
rectly. Thus clinical data (individual spirometry test
results, symptoms, or radiographs) may be seen as
indirect reflections of the underlying process (or
factors).

Factor analysis is a technique that may be used to
explore the interrelations among observed data to
assess underlying factors that may not be directly
observable.' 2 This technique was used to analyse
data from a group of heavily asbestos exposed sub-
jects to assess the nature of underlying factors. The
results suggest the presence of several different pro-
cesses that require different clinical and surveillance
approaches.

Methods

Results of clinical evaluations of 624 asbestos
exposed workers were analysed. All had been exa-
mined at the occupational medicine branch and
pulmonary division of the UCLA Medical Center
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between 1980 and 1984. The subjects were referred
because of possible abnormalities noted in a shipyard
screening programme or because of filing a compen-
sation claim. Their mean age was 55 9 ± 10-4 (stan-
dard deviation [SD]) years. Only men were included
in this analysis; 46-5% were white and 43-3% black.
Most shipyard workers and their duration of expo-
sure ranged from one to 51 years (mean 20-8 + 10-2
[SD] years). Although specific industrial hygiene data
were not available, most exposures were moderate to

heavy in nature.
Each subject completed a standard questionnaire,

was interviewed by a single nurse clinician, and exa-

mined by a physician. Spirometry was performed
with measurement of forced expiratory volume in one
second (FEV1), forced vital capacity (FVC), the
FEV1/FVC ratio (Ratio), and the forced expiratory
flow over the mid-vital capacity range (FEF25 -750)
Data were determined from the spirogram with the
highest sum of FEV1 and FVC. Only prebroncho-
dilator values are reported. Spirometry was per-
formed using an automated pneumotachograph
spirometer (SRL Series, Gould, Inc, Houston) or a

13-5 1 water-seal spirometer (WE Collins, Braintree,
MA). Diffusing capacity for carbon monoxide (Dco)
was determined by the single breath method3 using
the SRL unit or a Collins modular diffusing capacity
unit (Braintree). Total lung capacity (TLC), func-
tional residual capacity (FRC), and residual volume
(RV) were measured by nitrogen washout4 (SRL) or

by helium dilution5 (Collins Modular) methods.
These analyses include the TLC and RV data.

Data for FEV1 and FVC were adjusted for age and
height using the regression equations of Crapo et al.6
FEF25 75% was adjusted by the equations of
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Table 1 Characteristics ofpopulation

All (n = 624) Current smokers (n = 166) Non-smokers (n = 146)

Age(years) 559 + 10-4 54-1 + 9-8 560 + 12-1
Duration of exposure (years) 20-8 + 10-3 20-0 + 10-9 20-6 + 10 1
Race: % white 46-5

% black 43-8
FEV R(1) - 0-27 + 073 - 0-35 + 0-78 - 0.01 + 0-60
FVCk (1) - 0-49 ± 0-68 - 0-48 + 0-70 - 0-38 + 0-65
D R (ml/mm/min) - 39 + 5 1 - 5 5 + 50 - 2-4 + 4-4
Ff25-75%R (1/sec) - 1-6 + 19 - 1-7 + 3-2 - 1-2 + 11

Results are shown as mean + SD. Pulmonary function tests are defined in the text and are shown as residuals (observed-predicted).

Knudsen et al.7 Cotes's formula was used for adjust- not smoked for over five years and had less than one
ing Dco,8 and the equations of Goldman and pack-year of cigarette smoking over their lifetime;
Becklake were used for adjusting RV and TLC.9 As they were considered current smokers if they had
recommended by the recent American Medical smoked regularly within six months of examination.
Association guidelines,'0 the observed FEV1 and The remainder were considered to be ex-smokers.
FVC of blacks were divided by 09 before age and Data were collected using an HP87 microcomputer
height adjustment. The residual (observed minus pre- (Hewlett-Packard, Corvallis, OR) and transferred to
dicted) was used to express the adjusted values; a PDP-11/23 computer (Digital Equipment Corp,
residual values are denoted by appending "R" to the Maynard, MA) for subsequent analysis. BMDP
variable (FEV1R, FVCR, FEF25-75%R, DcOR, statistical programs2 were used for analysis. After
RVR, TLCR). An air trapping index (ATI) was preliminary univariate analysis of each variable, the
represented by the RV/TLC ratio. P4M program was used for factor analysis.2 Initial

Arterial blood, obtained while subjects breathed factor extraction was by principal components
ambient air, was analysed for oxygen tension (PO2), analysis. The varimax method was used for factor
using a semi-automated blood gas analyser (Corning, rotation.1 2 Data were standardised before factor
model 168, Medford, MA). identification. To avoid any biases, we decided a
Each subject had posterior/anterior, lateral, and priori to accept the BMDP default criteria for factor

bilateral oblique chest x ray films taken and inter- identification and retention. (A subsequent analysis,
preted by chest radiologists. The radiologists' reports forcing retention of exactly four factors, did not yield
were abstracted and numerically coded. There were substantially different results.)
separate scores for interstitial (XR-INT) and pleural Analysis was performed using all subjects. In
(XR-PL) abnormalities, assigning higher scores for addition, separate analyses were performed for the
greater certainty of abnormality and extent of abnor- non-smoker and current smoker subgroups.
mality. In addition, the abstractor assigned a nume-
rical dyspnoea score (1-5) based on the recorded Results
questionnaire and interview data.

Subjects were considered non-smokers if they had Table 1 shows the characteristics of the study popula-

Table 2 Factor loadingsfor all subjects

Factor 1 2 3 4 5

Ratio 0 865 - -
FEF2,,%R 0-725 - - -
FEVk5% 0 614 0-570 - -
FVCk - 0-909 - -
TLCR -0385 0-740 0-324 -
D R 0345 0-537 - -
RV'R - - 0-956 - -
ATI - - 0-951 - -

XR-INT - - - 0-784 -
XR-PL - - - 0704 -
EXP - - - - 0-682
AGE -0265 - 0-266 0264 0-638
CIG 0350 - - - 0-594
DYSP - - 0328 - -
PO (resting) 0365 - - -0434
"Title" Obstruction Interstitial Air trapping x ray Age exposure

The factor loadings for variables (standardised to mean = 0, SD = 1) are shown. Columns are arranged in order of decreasing variance
explained. Loadings < 0-25 have been deleted. Variables are defined in text. Titles are descriptive only.
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Table 3 Factor loadingfor current smokers

Factor 1 2 3 4

RVR 0 909 -
Ratio -0-824
ATI 0 805 -
FEVR -0 617 -
FVCR - 0-885
TLCR 0 588 0-712
D R - 0-639
XF'-INT - - 0 754
XR-PL - - 0-728 -0 295
AGE 0-410 - 0 569 0-382
EXP - - 0-528 0 256
DYSP - - - 0-836
PO-00425 -0
cid - -
FEF2 7%0-476 -

"Title 75% Obstruction Interstitial x ray/age exposure Age/pleura dsypnoea

See legend for table 2.

Table 4 Factor loadingfor non-smokers

Factor 1 2 3 4

FVCR 0-922 - -
TLCR 0854 0254 -
D R 0611 - -
AdE - 0733 - 0-384
ATI - 0-729 -0-435 -
XR-INT - 0-567 - -
FEF25 - 7%R - 0-869 -
Ratio - -0-253 0-844
FEV1 0 573 - 0 657 -
EXP - - 0-746
XR-PL - - 0-685
DYSP -0-385 0 355 --
CIG - -

P02 - -0 453 -
"Title" Interstitial Air trap/x ray Obstruction Pleura/exposure/age

See legend for table 2.

tions. In general, the subjects had had prolonged
exposure to asbestos (mean duration = 21 years) and
were middle aged (mean age 56). As expected, lung
function in current smokers was worse than in non-
smokers. Spirometric findings suggestive of restrictive
lung disease (FVC < lower bound of95% confidence
interval with FEV1/FVC ratio > predicted) were pre-
sent in 4-4% of the population.

Tables 2-4 summarise the factor analyses for all
subjects, current smokers, and non-smokers. The
factors are listed in order of decreasing variance
explained. The relation between each factor and each
clinical variable is shown by the correlation between
the factor and the variable. For clarity, low values
(loading <0-25) have been deleted from the tables.
For convenient reference, we have assigned a descrip-
tive name, or "title" to each factor.
Methods for calculating factor scores (scale values)

for all subjects are shown in table 5. Each score-for
example, "restrictive abnormality"-is a weighted
sum of selected variables, weights given by the factor
score coefficients shown in table 5. Using these equa-

tions, each subject's information may be summarised
by scores on 4-5 indices, representing different
processes.

Discussion

Determining the presence or absence of asbestos
related disease and assessing its significance requires
integrating multiple data items concerning each sub-
ject. This study examined the interrelations among
different elements of the clinical data base using a
technique requiring minimal a priori clinical assump-
tions. The analysis has led to several implications
about the nature of asbestos effects.

Factor analysis seeks to find underlying factors to
explain the observed test values.1 2 The descriptive
model assumes that the underlying factors-
obstruction, interstitial, for example-explain the
directly observable variables-for example, FEV1.
The standardised factor loadings represent the close-
ness of association of the underlying factor with an
observable variable. The statistical method seeks to
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Table 5 Calculation ofa subject'sfactor scores

Factor score I ("obstruction") = 0-0406 (% ratio - 73-98)
+ 0-1959 (FEFR + 1-555) + 0 3176 (FEVR + 0 0268)
-0-2393 (TLCR + 01224) + 00240 (D R + 339)-000064
(age - 55-95) + 0-231 (CIG* - 1968) +;80148 (PO2 - 82-93)

Factor score 2 ("interstitial") = 0-283 (FEVR + 0-268) + 0-633
(FVRC + 0-487) + 0 410 (TLCR + 0. 1224) + 0 0425 (DCoR
- 3390) - 0128 (DYSPt + 2 657)

Factor score 3 ("air trap") = 0-0892 (TLCR + 0 1224) + 0-444
(RVR - 1852) + 3 33 (RV/TLC - 03558) + 0-0028 (AGE
- 55-95)

Factor score 4 ("x ray") = 0-575 (INT-RAD - 1-663) + 0-0749
(PL-RAD§ - 15-04) + 0-0062 (AGE - 55-95) - 00318 (P02
- 82.93)

Factor score 5 ("EXP-AGE") = 0-0506 (EXP - 20 85) + 0-0427
(AGE - 55-95) + 0-727 (CIG* - 1968).

*CIG: 1, for current smoker; 2, for ex-smoker; 3, for never smoked.
tDYSP: 1, no dyspnoea; 2, hurrying on level ground or slight hill;
3, walking on level ground at pace of others of own age; 4, walking
on level ground at own pace; 5, at rest.
$INT-RAD: 1, no increased markings; 2, abnormal markings;
3, possible (non-specific); 4, probable; 5, moderate; 6, severe.
§PL-RAD: 10, no thickening; 20, local thickening; 30, diffuse
thickening.
The factor scores for an individual are calculated from the observed
variables as shown. The factor score coefficients allow use of "raw"
data rather than results converted to "standard scores" (mean = 0,
SD = 1). Coefficients are derived from all subjects.

identify factors that are not closely related. The tech-
nique has been extensively used in the social sciences.
We analysed the entire study population and two

subgroups defined by smoking status (lifelong non-
smokers, current smokers). The ex-smokers group
was not analysed separately because of a lack of
homogeneity-for example, differences in interval
since stopping smoking and reasons for smoking cess-
ation. As shown in tables 2-4, fairly consistent results
were found. The factors noted relate to the clinical
tests in a manner suggesting their clinical meaning.
One factor, which we have termed interstitial, relates
closely to the physiological tests of lung size, such as
TLC, and gas exchanging ability-Dco, for example.
Others might label this factor "restrictive" but we
avoided this term since "restrictive physiological
abnormality" describes a lung size without regard to
gas exchanging ability. A second factor, termed
obstruction, appears related to airway function. The
"air trapping factor," identified in the all subjects and
non-smoker groups reflects incomplete lung empty-
ing, possibly due to airway closure during the spiro-
metric forced expiratory manoeuvre." Aging and
cigarette smoking may lead to this effect. It is, there-
fore, not surprising that ATI is associated with age
and does not appear as an independent factor in the
current smokers group, wherein smoking causes dam-
age leading to both air-flow obstruction and air
trapping. In addition to reflecting air trapping, a
raised RV/TLC ratio (ATI) might theoretically reflect
interstitial disease if ability to inspire maximally is
more affected than the residual volume. It appears

here, however, that the ATI does reflect air trapping
since it does not appear to be closely associated with
other interstitial disease variables. In the all subjects
and non-smoker groups both radiographic variables
(reflecting pleural and interstitial changes) were the
predominant variables in a separate factor that we
have labelled "x ray." Age and its covariate, expo-
sure, also appeared in these factors. In both current
smokers and non-smokers but surprisingly not in the
all subjects group age, exposure, and pleural changes
appeared related to a common factor.
Use of the factor score coefficients to calculate

scores for each factor for each person can help sim-
plify clinical assessments by summarising 15 elements
in 4-5 scores. Furthermore, this method provides a
"rational" means for combining data. Thus an iso-
lated minor abnormality of a single test may not in
itself imply "disease" if the subject's factor scores
(combined from multiple tests) are all normal. Con-
versely, use of factor scores may permit identification
of disease even if each individual test result is techni-
cally within the "normal range." Early studies by
Murphy et al showed that reliance on any single pul-
monary function variable is inadequate for diagnos-
ing asbestosis. 2
These findings may be interpreted to suggest that

several distinct underlying processes are measured by
clinical assessments. The factors identified are "bio-
logically plausible" since a pattern consistent with
other respiratory physiological processes was shown.
The statistical method attempted to delineate un-

correlated, independent underlying factors. (Principal
component analysis was used for initial factor extrac-
tion.') The findings suggesting several distinct factors
have several possible implications. Firstly, there is a
potential means to separate asbestos from non-
asbestos effects. Effects of asbestos on lung volumes
and on interstitial tissue are well recognised. Al-
though many reports recently summarised by Beck-
lake and Ernst suggest that asbestos may also
produce airway effects,'3 these are pathologically and
physiologically located in small airways14 's and may
be quantitatively small by comparison with the effect
of cigarette smoking. Thus, particularly in smokers,
the abnormalities of scores on the obstruction axis are
much less likely to be attributable to asbestos effects
than are abnormalities on other axes, such as inter-
stitial.

Secondly, radiographic findings, particularly in the
analysis of all subjects, appeared related to separate
factors from those most associated with the phys-
iological test variables. Thus these data support the
view that radiographic changes may not be closely
related to physiological impairment, and the presence
of mild radiographic abnormalities need not imply
physiological impairment. Weill et al have also noted
the dissociation between physiological and radio-
graphic manifestations of asbestos exposure.'6
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Thirdly, screening programs should recognise the

multifaceted nature of asbestos effects. If there are
actually several poorly related lung processes that
might be affected by asbestos screening efforts must
be directed at each. Therefore, chest radiography,
spirometry, and perhaps diffusing capacity testing
may additively increase sensitivity. Other in-
vestigators, using other analytical methods, have also
suggested that the initial manifestation of asbestos
effect may differ between individuals.'2

It is not surprising that age and exposure appeared
in the same factor since older workers here had more
years to accumulate exposure. Pleural plaque radio-
graphic score was also associated with this underlying
factor, suggesting that plaque formation may be asso-
ciated with exposure and aging, that plaques become
more apparent with age, or that they may simply be a
manifestation of dose and latency. The epi-
demiological studies of Becklake et al have also
shown a close association between age and plaques. 17
The conclusions suggested by the present study

must be considered tentative. Multivariate techniques
such as factor analysis are subject to probabilistic
variation and may be affected by choice of specific
analytical technique. We attempted, however, to
avoid introducing any bias by intentionally choosing
the "default" parameters of BMDP.2
The population we studied may not be typical of

workers currently exposed to asbestos. Their ex-
posures were heavy and extended over many years
and most of our subjects were in an older age group.
Although many of the radiographs were not read by
the ILO system,'8 the radiologists were unaware of
the clinical information about each subject, and there-
fore any systematic radiographic bias is unlikely.

Other workers have used "scales" to combine and
summarise clinical data from asbestos exposed work-
ers. The criteria of Murphy et al for the diagnosis of
asbestosis required several abnormalities for the diag-
nosis. 2 These criteria, which are still commonly used,
characterised each variable dichotomously as "abnor-
mal" or "normal"; therefore, a subject with "low nor-
mal" values for all tests would not be detected as
diseased. Fournier-Massey and Becklake used an ar-
bitrary scale to place each subject along a continuum
from restrictive to normal to obstructive abnormal-
ity. '" Use of multiple scales, each related to a separate
asbestos effect, may however be a more appropriate
means of summarising clinical data. Regan et al used
a multivariate technique to examine pulmonary func-
tion data from a group of 201 asbestos exposed work-
ers.20 Their principal components analysis yielded 16
components, the first of which separated "lung dis-
ease from health," and the second of which was inter-
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preted as separating asbestosis from obstructive
disease.

We thank Karen SooHoo for help in collecting data
and Nancy Marshello for preparing the manuscript.
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